ABSTRACT Lung cancer mortality was examined in a cohort of 4393 men employed at a zinc-leadcadmium smelter. There was an excess of lung cancer (overall SMR = 124-5, 95% confidence interval 107-144) which was particularly evident for those employed for more than 20 years. A statistically significant trend in SMRs with increasing duration of employment was apparent. Quantitative estimates of exposure to cadmium and ordinal rankings for lead, arsenic, zinc, sulphur dioxide, and dust were used to calculate cumulative exposures from job histories. Matched logistic regression was used to compare the cumulative exposures of cases of lung cancer to those of controls matched for date of birth and date of starting work and surviving at the time of death of the matched cases. The increasing risk of lung cancer associated with increasing duration of employment could not be accounted for by cadmium and did not appear to be restricted to any particular process or department. Although lung cancer mortality was associated with estimates ofcumulative exposure to arsenic and to lead, it was not possible to determine whether the increased risk might be due to arsenic, lead, or to other contaminants in the smelter. These results are compared with findings from other non-ferrous smelters.
In a study on the mortality of workers exposed to cadmium a cohort of almost 7000 men born before 1940 and exposed to cadmium for at least one year before 1970 was followed up until the end of 1979 by Armstrong and Kazantzis.' By contrast with the findings in some other studies,23 the cohort showed no excess mortality from prostatic cancer. '4 Nevertheless, a small but significant excess mortality from lung cancer was observed in men employed for more than ten years (standardised mortality ratio (SMR) 126, 95% confidence interval (CI) 102-153). The absence of any relation to intensity of exposure, in contrast to the large excess mortality from chronic bronchitis where a significant dose response relation was observed, led to the conclusion that the excess lung cancer mortality was unlikely to be related to past exposure to cadmium.
Subsequently, a high incidence of lung cancer in rats dosed with a cadmium chloride aerosol was reported by Takenaka et al5 and Thun exposed to cadmium, with evidence of a dose response relationship.6 It was therefore decided to make a further study of lung cancer (ICD 8th revision 162-0-1629) in the cohort described by Armstrong and Kazantzis.' Attention was restricted to a large nonferrous smelter (identified as cohort Cl. 1 in the study by Armstrong and Kazantzis4) which comprised 64% of the entire cohort for which job/exposure data for cadmium were already available from this previous study, requiring only the collection of information to control for exposure to other contaminants. SMRs were calculated to assess mortality in the smelter as a whole. To examine the contribution of specific departments, processes, and contaminants in the smelter a matched case-control analysis was performed.
Study material PROCESSES AT THE SMELTER
The site consists of several physically separate buildings housing different processes.
The earliest smelting process, horizontal distillation, which would have involved exposure to polycyclic hydrocarbons, was phased out in 1955. A second process, the vertical retort, was operated between 1936 and 1971. Here, zinc and cadmium were distilled from briquets of sinter and collected by condensation. 435 
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In the imperial smelting process (ISP), introduced in 1950 and in full production from 1968, zinc and lead sulphide ore A matched case-control study may be constructed from longitudinal data by selecting a set ofcontrols for each case of lung cancer, matched for date of birth and date of starting work and surviving the case. The theoretical basis for this method is described elsewhere." 12 Matched logistic regression, unlike SMR analyses, allows the association between mortality and several environmental contaminants to be examined simultaneously and risk to be assessed relative to internal controls. For each of the 174 cases with at least 10 years follow up, controls were selected who satisfied the following criteria:
(a) born within one year of the case; (b) started work within three years of the case; (c) had been followed up for at least 10 years, and had necessarily worked for at least one year at the time of the death of the case; and (a) exit from the study (defined as for SMRs) was later than the death of the case. For efficient computing, and with negligible loss of statistical power'2 20 controls were selected at random for 95 cases for whom over 20 controls were available. There were, eventually, 174 matched sets including 2717 controls. The logistic regressions were computed by the PECAN program.'3 Hierarchically nested models were evaluated by comparison of the chisquared likelihood ratio statistics. Confidence intervals for estimated log relative risks of individual factors were derived from their estimated standard errors.
Subjects followed up for under 10 years were excluded.'4 This reflects the common assumption of a minimum 10 year latent period in the "initiation" of lung cancer. Cumulative exposures were calculated by summing the year by year exposure assessments over the period of employment up to three years before the death ofthe case to whom controls were matched. This effectively assumes that "promoting" effects have a three year latency. Three years is about the time taken for lung cancer rates to fall in people who have given up smoking cigarettes relative to those who continue.'5 Our experience, however, is that the results are fairly insensitive to changes in the assumptions about initiation and promotion.
The assumption is made when using exposure scores 0, 1, 2, and 3 that risk of lung cancer is not related to the duration of background level exposure. Periods when individuals had left the smelter and returned later did not contribute to any of the exposure measures in contrast to the SMR analysis, where they are included in duration of employment. To examine the relation between levels of exposure to the various contaminants and risk, without making assumptions about how the dose response curves relate to the "low," "medium," and "high" levels, The likelihood ratio x2 of a model with terms for both arsenic and lead is 7-26 on 2 degrees of freedom and a model with all six exposures gives 7-59 on 6 degrees of freedom. Compared with the X2 of 6 31 and 6-84 for arsenic and lead individually, these results mean, firstly, that once arsenic and lead are accounted for, the contribution of the other four substances to the risk of lung cancer is negligible (X2 = 0.33, p > 0-5). Secondly, once either lead or arsenic is accounted for, the other has no statistically significant association with lung cancer (lead: X = 0-95, p > 0-25, arsenic: x,2 = 0-42, p > 0-5).
Results

PERSON-YEARS AT RISK
This effect is due to the high correlation between cumulative exposure to arsenic and lead. Cumulative Finally, workers with longer periods ofemployment at the smelter could be those who smoked more. We have no smoking data for the whole cohort but the proportion smoking among the 274 workers in the biological monitoring exercise varied between 90% and 85% with increasing duration of employment. '8 While the appropriateness of the background mortality rate, and the unrepresentative distribution of social class and of smoking, would be relevant to the interpretation of an overall excess risk, these factors cannot easily explain the finding of an increasing risk of lung cancer with increasing years ofemployment. It is likely to be related to the smelter, to the extent that a correlation between duration of employment and exposure to carcinogens unconnected with the smelter is improbable, although such an association cannot be excluded.
CADMIUM
This study provides no evidence that cadmium, in the Ades, Kazantzis concentrations encountered in the smelter, is a cause of lung cancer, although there was an excess risk of lung cancer overall. Apart from the lack of association between mortality and cumulative cadmium (table 6) and the lack ofrelationship with years at given levels of cadmium ( Asbestos insulation was used in the smelter and from the two cases of mesothelioma in the cohort it may be computed from studies of workers exposed to asbestos insulation'" that about six cases of lung cancer of the 36 excess may be attributed to asbestos.
In conclusion, the analysis shows that lung cancer mortality is positively related to duration of employment and to cumulative exposure to arsenic and lead but not to cumulative exposure to cadmium. The duration of employment effect could have arisen due to a real association between lung cancer mortality and cumulative arsenic or lead, or both, together with a correlation between the latter and duration of employment. Some support for this is provided by table 5, which suggests that increasing levels of exposure to arsenic and to lead for a given period are associated with a higher risk. Nevertheless, the association with cumulative arsenic and lead which are themselves highly correlated could have occurred because both correlate closely with duration of employment and thus with exposure to the several known or suspected carcinogens present at the site.
A combination of these and other substances, such as sulphur dioxide, acting independently or synergistically could have given rise to an association between duration of employment and lung cancer without generating a clear dose response effect for any particular contaminant. Whereas interpretations of this sort do not lead to the identification of specific carcinogens, and do not immediately suggest any simple control measures, they may provide a more realistic picture than studies where one contaminant is considered without taking proper account of the others. Investigations are being undertaken in the smelter in an attempt to identify the causes of the excess of lung cancer.
